With portal imaging devices we can easily determine the position of bones in the patient, but we cannot visualize soft tissues. Kilo voltage cone beam computed tomography (CBCT) imaging integrated to treatment machine is relatively a new technique and provides higher resolution of soft tissues for imaging. In this study, our aim was to measure the differences between 2D-2D and 3D-3D registration based set-ups. We investigated whether using kV cone beam CT reduced setup errors compared to kV portal imaging. Four patients with the diagnosis of head and neck cancer (2 patients with cancer in the base of tongue, 2 with hypopharyngeal cancer) and 6 patients with prostate cancer were included in our study. The treatments were delivered with IMRT. kvCBCT-kv film comparisions were evaluated in 44 sets of data for head and neck cancer patients, and in 130 sets of data for prostate cancer patients. We analyzed the necessary planning target volume (PTV) margins for each group when only kv portal imaging is performed every day and found that a margin of 2.1 and 1.5 mm in all directions would be sufficient in case of pelvic tumors and head and neck cancers respectively if the kv portal images are performed every day. Compared to the literature the shifts were minimal when kvCBCT was performed after kv portal imaging. The immobilization procedures, followed strictly, may be reason for this observation.
INTRODUCTION
The technological developments in radiotherapy, like intensity modulated radiotherapy (IMRT), resulted in decreased normal tissue complication rates. 1 With this technique high doses of radiation to the target could be delivered while sparing the adjacent critical tissues with rapid dose fall-off outside the clinical target volume. 2 However, high accuracy in target delineation and delivery is needed so as to prevent marginal recurrences.
Laser localization lights, skin tattoos, and body stabilizing devices are the traditional techniques used for set-up purposes. These precautions were adequate in the era when conventional radiotherapy techniques were used. As we obtain steep dose gradients with IMRT, we need more delicate image guidance devices to prevent marginal misses and unintentional hot spots in critical organs. Various image guidance techniques are used in practice for different kind of tumor localizations; fiducial marker tracing, electronic portal imaging (EPID), kV portal imaging, and cone beam CT are examples for image guidance. 3, 4 With portal imaging devices we can easily determine the position of bones in the patient and they are routinely used for verification/correction of the pretreatment patient positioning. However, this technique cannot visualize soft tissues. Fiducial seeds, ultrasound, computed tomography on rails, megavoltage computed tomography are modalities that provide the visualization and localization of softtissues. Kilo voltage cone beam computed tomography (CBCT) imaging integrated to treatment machine is relatively a new technique and provides higher resolution of soft tissues for imaging. 5 In this study, our aim was to measure the differences between 2D-2D and 3D-3D registration based set-ups. We were interested in the degree of target volume motion with respect to the bony structures as assessed by CBCT imaging. We investigated whether using kV cone beam CT reduced setup errors compared to kV portal imaging. Our secondary objective was to calculate the PTV margin in case of kV portal imaging for daily set-up as the use of CBCT is not widespread.
MATERIALS AND METHODS
Ten patients treated from April 2011 to July 2011 were evaluated retrospectively. Four patients with the diagnosis of head and neck cancer (2 patients with cancer in the base of tongue, 2 with hypopharyngeal cancer) and 6 patients with prostate cancer were included in our study. The treatments were delivered with IMRT.
Patients treated for prostate cancer were given written instructions for bowel preparation, and were asked to follow them before simulation and every treatment session. The attending physician also explained the preparation procedure thoroughly to the patients. The patients were instructed to empty their bowel 1 to 2 hours before treatment schedule. When they arrived at the department for simulation they were instructed to empty their bladder first and then they drank 500 ml of water in 15 minutes. Forty minutes after finishing their water the simulation procedure started. These routines were also performed before every treatment. Patients were immobilized using a deformable cushion (Vac-Lok, CIVCO Medical Solutions, Kalona, IA) 25x50 cm in size.
Patients treated for head and neck cancers were stabilized using head-neck and shoulder thermoplastic mask with fixation at 9 points (Zentec, CIVCO Medical Solutions, Kalona, IA). Standart head rest, knee and feet stabilizers, and shoulder extenders were used for all patients (Combifix, CIVCO Medical Solutions, Kalona, IA). The headrest was affixed to a baseplate.
CT scans with a slice thickness of 2.5 mm were acquired (G&E, discovery HD, CT750). The studies were transferred to Eclipse 8.9 (Varian Medical Systems, Inc., Palo Alto, CA) workstation for contouring of the clinical target volume, planning target volume and organs at risk. All patients received IMRT with Varian Rapid Arc linear accelerator.
Initial patient positioning adjustments were made by aligning surface markers placed at the time of simulation. Following this initial set-up, anteroposterior and lateral kv radiographs were acquired for bony structure visualization. These kv films, obtained before every treatment, were compared with digitally reconstructed images (DRR) of simulation films (2D-2D registration). The shifts according to bony structures were performed before every treatment session. These shifts were performed by a radiation therapist and were approved by a radiation oncologist.
kvCBCT were taken with a slice thickness of 2.5 mm. Simulation CT and kvCBCT images were fused to detect the shift according to the soft tissue structures. The CT images were inspected at axial, coronal, sagittal cross sections by the attending radiation oncologist. The shifts for X, Y, and Z axis were recorded.
For patients receiving radiotherapy to pelvic region, first the kv portal images were taken and the set-up was performed according to bony structures. Then, kvCBCT was performed, and the final shifts according to soft tissues were carried out before treatment delivery. In the treatment of head and neck cancer patients the portal images were performed as described above for the first week. In the following weeks kv portal images and kvCBCT were performed once a week while the other days the set-up was practiced with only kv portal imaging.
The required additional PTV margin for the center in which kV portal imaging system is used is calculated using the models of van Herk et al. and Parker et al. 6, 7 The models are defined as where ∑ and σ are the standard deviations of systematic errors and random errors, respectively. ∑ is calculated as the standard deviation of average shifts for all patients whereas σ is the root mean square of the individual standard deviations of the shifts for all patients.
RESULTS
kvCBCT-kv film comparisions were evaluated in 44 sets of data for head and neck cancer patients, and were evaluated in 130 sets of data for prostate cancer patients. The data analyses of H&N and pelvis patients are carried out separately in order to observe and characterize the shifting of target volume with respect to the tumor localization. The average values of the final shifts of six prostate patients are shown in Figure 1 . The first columns in X, Y and Z directions represent the averages of the measurements taken during all fractions of a treatment while the second columns represent the averages of the first week measurements. The all average values are in the range of 1.1 mm and 1.7 mm. The average final shifts of the first week measurements are higher than those of all fractions with the ratios of 15%, 9% and 42% in X, Y and Z directions, respectively.
The additional PTV margins for prostate cases calculated using the models of van Herk and Parker are shown in Figure 2 . In X and Y directions, the correction margins are around 1.5 mm and have the values between 1.4 mm and 1.6 mm for both models. The margins increase by the factors of 1.07 and 1.50 for the measurements of the first week. The required margins have the highest value in Z direction for prostate cases. The margins calculated by the models of van Herk and Parker are 1.9 mm and 2.1 mm, respectively, while, for the first week, the estimated required margins have higher values with the factors of 1.43 and 1.37, respectively. Comparing with the estimated margins for the head and neck cases, the pelvis cases need higher margins in Y and Z directions. For instance, the estimated margins using van Herk model are higher with the factor of 1.32 and 1.86 for pelvis cases than head and neck cases. Nevertheless, the required margins in X direction have closer values for both cases. The ratios of estimated margins are 1.18 and 1.12 for van Herk and Parker models.
DISCUSSION
IMRT can create steep dose gradients. The location of this gradient in each session with respect to CTV and organs at risk is crucial. The setup procedures and the margins to define PTV gain utmost importance for IMRT applications. With kvCBCT the positioning can be performed according to soft tissue structures. However, it increases treatment session time, and the radiation dose to the patient 8,9. Besides, the benefits of patient positioning based on 3D over 2D imaging are not clarified, and cannot be installed in all centers as they are relatively expensive. We therefore wanted to address the potential advantages of 3D techniques and to define the margins for different scenarios of setup techniques using 2D and 3D imaging.
Interfraction motions of CTV with respect to bony structures are analyzed for 6 patients receiving radiotherapy for prostate cancer, and 4 patients with head and neck cancer. Patients receiving radiotherapy directed to pelvis were evaluated together, and the head and neck cancer patients were analyzed as a second group. In concordance with the literature the rotational corrections were found to be insignificant, so was disregarded in this analysis. 10, 11 We analyzed the necessary PTV margins for each group when only kv portal imaging is performed every day and found that a margin of 2.1 and 1.5 mm in all directions would be sufficient in case of pelvic tumors and head and neck cancers respectively if the kv portal images are performed every day.
In the era of IGRT, the necessary margin around CTV to create PTV is continuously being evaluated and a consensus has not been reached yet. [12] [13] [14] [15] In the literature different techniques have been used for setup procedures for head and neck cancer patients. As a result the defined limits are sparse. 11, 16 Even in RTOG trials we observe that the margins are in the range of 3 mm-10 mm for head and neck cancer patients. 17, 18 Kang et al. evaluated the 3D-3D registration setup errors compared to 2D-2D registration in 9 head and neck cancer patients 14. Seven were immobilized with a 5 point mask and 2 were immobilized with 3 point mask. The masks of 5 patients were cut open around the eyes. They showed that patient positioning corrections by manual 2D-2D registrations were greater than 5mm for 30% of imaging days and they suggested that daily 2D imaging should be performed for optimal setup of head and neck cancer patients. In another study it was found that even if every other treatment is image guided, about 11% of all treatments are still subject to three dimensional setup errors of at least 5mm for head and neck cancer treatment from random setup error. 19 The authors concluded that daily imaging in addition to reliable immobilization is necessary. For head and neck cancer patients a minimum 4mm margin additional to IGRT margin was proposed when setup was performed according to bony structures. In our study we observed that the additional margin necessary over IGRT defined margin is only 1.5 mm which is lower than series reported in the literature. This difference may be due to the instabilization techniques used. We used head-neck and shoulder thermoplastic mask with fixation at 9 points, standard head rest, knee and feet stabilizers, and shoulder extenders for all patients.
In the study by Bylund et al. 20 patients were given no direction regarding bladder or bowel emptying, diet or laxative use. They observed that the internal prostate motion was 3.8 mm when the setup was performed according to bony structures. They also proposed that the motion in the superior inferior direction would be larger if a kvCBCT was used instead of mvCBCT. The bladder prostate interface visualization was low with mvCBCT imaging, and it might lead to underestimation of superior inferior movement. In our retrospective study we observed that a margin of 2.1 mm in all directions for simplicity is enough in case the kv portal images were performed every day.
Compared to the literature we recorded that the shifts were minimal when kvCBCT was performed after kv portal imaging. 21 As reported by Pisani et al. kv portal radiographs are qualitatively more effective than mV based images. 22 The initial setup procedure performed with kv portal imaging may be one factor leading to more accurate positioning in our study. Besides, the immobilization procedures were followed strictly both for head and neck cancer patients and for those receiving radiotherapy to the pelvis.
